Spectrophotometric methods utilizing ion association reactions which occur between ionic compounds and dye ions have been used for the sensitive and selective determination of ionic organic compounds and of metals with chelating agents. [1] [2] [3] The author has reported some sensitive spectrophotometric methods of berberine (quaternary ammonium ion) 4 and chlorpheniramine (tertiary amine) 5 by solvent extraction. The solvent extraction is useful for the enhancement of sensitivity and the removal of interfering substances. The procedure, however, is tedious and time-consuming. Hence, a simple and convenient ion-pair titration, called two-phase titration, has been developed. [6] [7] [8] The method has some advantages, such as no need of sophisticated instruments, simply visual detection, high precision and less reagent consumption. For example, Azure A, 6 Dimidium bromide and Erioglaucine 7 and Neutral red 8 have been used for the determination of anionic surfactants. However, the color change at the end point was not sharp, because the color reflection and difference in hue of the color in the aqueous and organic phases gave an error with visual judgement at the end point. In many two-phase titration methods, the transfer of the dye from one phase to the another was used to determine the end point. On the other hand, Sakai et al. 9 and Tsubouchi et al. 10 have reported the ion association titration of cationic surfactants with TBPE. In these methods, the clear end point was given because the color change at the end point occurred only in the organic phase, without the phase transfer of the indicator. However, the method using TBPE as an indicator had less selectivity because TBPE formed blue ion associates with quaternary ammonium ions and red associates with secondary and tertiary amines. Fortunately, the author found that tetrakis(4-fluorophenyl)borate anion first associated with the quaternary ammonium ion, and then it formed the ion associate with the protonated amine. That is to say, it is possible to determine consecutively both quaternary ammonium and amine.
Recently, Daido et al., 11 Wakisaka et al. 12 and Gao et al. 13 have reported the ion association titration with a potential detector and photometry. On the other hand, two-phase ion-pair titration was applied to the determination of crystal violet 14 and dithiophosphoric acid. 15 However, in pharmaceutical analysis, there are few reports on the ion association titration of quaternary ammonium salts and aromatic amines except for the imidazole derivatives, 16 chlorpheniramine, 17 ammonium pharmaceuticals 18 and local anesthetics assays. 19 Moreover, no stepwise titration methods based on ion association formation have been reported so far.
This paper deals with a novel stepwise titration method to determine simultaneously pharmaceutical quaternary ammonium ion and aromatic amine using the difference of ion association ability among hydrophobic compounds.
Experimental

Reagents
Sodium tetrakis(4-fluorophenyl)borate (TFPB, 5 × 10 -4 mol l -1 ) standard solution was prepared by dissolving 0.0563 g of sodium tetrakis(4-fluorophenyl)borate (Dojindo Laboratories, Kumamoto, Japan) in 250 ml of distilled water. Sodium tetraphenylborate (TPB, 5 × 10 -4 mol l -1 ) standard solution was prepared by dissolving 0.0428 g of sodium tetraphenylborate (Katayama Chemicals, Osaka, Japan) in 250 ml of distilled water. Benzalkonium ( with an ion association reagent. Sodium tetrakis(4-fluorophenyl)borate and sodium tetraphenylborate were used as titrants and potassium tetrabromophenolphthalein ethyl ester (TBPE) was used as an indicator. The ion associate which formed between R4N + ion and TBPE made a blue color in 1,2-dichloroethane, while the ion associate formed between R3NH + and TBPE showed a red-violet one. Sample solutions containing quaternary ammonium and/or amine compounds were titrated with sodium tetrakis(4-fluorophenyl)borate or sodium tetraphenylborate. When one drop of excess titrant was added, the color of the organic phase turned from blue or red-violet to yellow at the equivalence point. On the other hand, in the mixture of R4N + and R3N, the color changed from blue to red-violet at the first equivalence point, and then its color turned to yellow at the second equivalence point. The quaternary ammonium compound and aromatic amine in pharmaceuticals could be simultaneously and successfully determined by the proposed titration method. 1,2-Dichloroethane (1,2-DCE) and other solvents were used without purification.
Experimental procedures Determination of quaternary ammonium and/or aromatic amine compounds.
A 5 ml portion of quaternary ammonium salt or amine solution, 5 ml of buffer and two drops of TBPE and 5 ml of 1,2-DCE are placed in a 100 ml Erlenmeyer flask. The mixture is shaken by hand. Then 5 × 10 -4 mol l -1 TFPB and/or TPB in a 50 ml burette is titrated dropwise under shaking by hand to ensure equilibrium between 1,2-DCE and aqueous phase. The color of the organic phase changes from blue or red to yellow when the equivalence point is passed. The reaction for the titration can be expressed as follows.
Formation of the ion associate with indicator before titration:
The subscript o refers to the organic phase. In the above case, the blue ion associate depending on TBPE dye was formed.
For amines, charge transfer complexes were formed by the hydrogen bridge and the color became red. 20 The color change for R4N + at the equivalence point by adding TFPB:
The color change for R3N at the end point:
In the cases of both blue and red ion associates, the color turned out to be yellow at the equivalent point. A blank titration is not necessary because the organic phase is yellow in the absence of quaternary ammonium or amine compounds.
Stepwise titration of quaternary ammonium and amine. A 5 ml portion of the mixture of quaternary ammonium salt and aromatic amine compound, 5 ml of buffer, two drops of TBPE and 5 ml of 1,2-DCE are placed into the 100 ml Erlenmeyer flask. The mixture is shaken by hand. Then, the mixture is titrated with 5 × 10 -4 mol l -1 TPB under vigorous shaking after each addition of titrant. At the first equivalence point, the color changes from blue to red and its color turns to yellow when the second equivalence point is reached.
Results and Discussion
Absorption maxima of ion associates with TBPE
The color of ion associates formed between R4N + and TBPE was blue and its absorption maxima were all at 611 nm. On the other hand, the colors of amine-TBPE associates were red or red-violet and the absorption maxima were at 555 nm for ephedrine, 573 nm for diphenhydramine and also 575 and 601 nm for chlorpheniramine.
Effect of pH on extraction
The effect of pH on the extraction of ion associates with TBPE was examined. The results are shown in Table 1 . Both quaternary ammonium salts and amines formed extractable ion associates in the pH range of 8.5 -9.0.
Effect of titrant concentration
To 5 ml of 5 × 10 -3 mol l -1 benzalkonium chloride, a TFPB solution ranging in concentration from 5.0 × 10 -3 to 5.0 × 10 -4 mol l -1 was added and the effect of the titrant concentration was examined. The results are shown in Table 2 . Even if the TFPB concentration was 5.0 × 10 -4 mol l -1 for 5 × 10 -3 mol l -1 benzalkonium chloride, the titration was available. TPB also gave similar results. The small standard deviations obtained in this study agreed with the results reported by Tsubouchi et al. 10 Other valiables The concentration of TBPE was varied from 2 × 10 -3 mol l -1 to 1 × 10 -5 mol l -1 . When the TBPE concentration was over 1 × 10 -4 mol l -1 , a sharp end point was observed. In this study, 2 -3 drops of 2 × 10 -3 mol l -1 TBPE were added. 
Precision for assay of quaternary ammonium salts and amines
A proper amount of quaternary ammonium salts and/or amines was titrated with 5 × 10 -4 mol l -1 TFPB according to the procedure described in the experimental section. When the equivalence point was reached, the color in 1,2-DCE changed from blue and/or red to faint yellow. The ion-pair titration reported in the previous papers [6] [7] [8] did not give a sharp end point because the indicator moved between aqueous and organic phases. However, in the proposed method, the sharp end point was obtained because the indicator was present only in the organic phase and the one phase end point detection system was used. The results are shown in Table 3 .
Stepwise titration of synthetic samples of quaternary ammonium salt and amine
After quaternary ammonium salt and amine were arbitrarily mixed, the stepwise titration was tried. Five milliliters of various concentrations of benzalkonium chloride and diphenhydramine hydrochloride (or chlorpheniramine maleate) was placed into the flask. At the first equivalence point, the color changed from blue to red and quaternary ammonium salt was determined. At the second end point, the color changed to yellow and the volume for amine was obtained by subtracting the volume for quaternary ammonium salt from the total volume of the titrant. The reactions are as follows.
Ion associate formed by adding the indicator:
The blue ion associate was formed preferentially because the extraction constant for R4N + was large. 21 During titration with TPB anion:
Ion association reaction at the first end point:
When (TPB -)(R4N + )o was quantitatively formed, liberated TBPE -reacted with R3NH + to form a red charge transfer complex (R3N·H·TBPE)o. By the above reaction, the color in the organic phase changed from blue to red.
Before the second end point:
The reaction at the second end point:
The results for the mixtures of quaternary ammonium salt and amine are shown in Tables 4 and 5 . As a result, good recoveries were obtained for both benzalkonium and diphenhydramine (or chlorpheniramine) in the mixed solutions and the standard deviations were small in all components. However, when the ratio for mixing two compounds was over 5-fold, the RSD was larger.
Application to commercial pharmaceuticals
Samples were prepared by dissolving in water while stirring and diluting the supernatant liquids appropriately. First, the 1381 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 method was applied to the determination of benzalkonium chloride in ointment and chlorhexidine dihydrochloride in troche. The results were in good agreement with the labeled values ( Table 6 ). In addition, samples (lotion, ointment) containing both benzalkonium chloride and diphenhydramine hydrochloride were also analyzed according to the proposed method. The results are shown in Table 6 , too. The recoveries were within 100 -106%. The proposed method was useful as a simple, accurate and rapid analysis for the determination of quaternary ammonium salt and aromatic amine. Moreover, the simultaneous assay of quaternary ammonium salt and amine in pharmaceuticals was possible by using the stepwise titration. 
